Chemical and statistical regression analysis on groundwater at five fields (17 sampling wells) located in Dhamar city, the central highlands of Yemen, was carried out. Samples were collected from the ground water supplies (tube wells) during the year 2015. Physical parameters studied include (values between bracket s represents the measured mean values) temperature (T, 25°), total dissolved solids (TDS, 271.47), pH (7.5), and electrical conductivity (EC, 424.18 
Introduction
possible water contamination within the study area and also to identify the sources of ground water contamination.
Study area
Dhamar city (14°33'08" N.; 44 023'50" E.) is located about one hundred kilometres to the south of Sana ' a (the capital city of Yemen), Figure 1 .
Figure 1. Location map of the study area showing sampling sites with black dots
Dhamar governorate is the largest agricultural area in the central highlands of Yemen, with the average elevation of 2400 -2450 mast. In Dhamar city and neighbouring areas, groundwater is the only source of drinking water and the main source of irrigation. This city has a sewerage collection network and wastewater treatment station. Dhamar City (the main city of Dhamar governorate) is part of Dhamar basin which has a both urban and pert-urban. Population of the study area has 175159 inhabitants (based on 2004 Census) (Rapport et al., 2008) . The geology of the study area is very complex, because the major outcrops in this area are quaternary basaltic lavas and ignimbrite ash flows. Also, there are volcanic cones of basalt and rhyolite. The western and northern part of Dhamar basaltic plateau is marked with obscured normal fault. The study area consists of two parts, viz; Qa'a Qa , blasan and Qa , a
Samah. Qa'a Balasan consists of quaternary deposits formed by alluvial sediments of the streams and the weathered basaltic material. Young quaternary volcanoes are scattered and frequently formed the top layer mixed with alluvial sediments. The gap between consecutive basaltic lava flows is occupied with laterite, volcanic tuff, and ash. (Abdullah, 2006) . However, Qa , a Samah is placed in the middle tertiary basalt and quaternary ignimbrites units, which represents quaternary basaltic lava, where some of the volcanic cones were formed in separate forms (Minissale et al., 2013) . The area is affected by a humid front generated from the Indian Ocean. During the months May-June (summer time), humidity is between 40% to 50% and declines down to less than 40% in the winter (October-February) with average rainfall over the surface water catchment of Dhamar depression in the range of 200-400 mm /year (Al-Dobaee, 2016; Bruggeman, 1997) .
The monthly rainfall distribution shows that most of the rainfall amounts precipitate within five months of which most part occurs in March, April and May and the other higher amount occurs in July and August. Only 10% of the total rainfall infiltrate into groundwater recharge and forms the run-off portion (Bruggeman, 1997) . Dhamar area has a moderate weather where the average maximum annual temperature measured during the period 1999-2015 was about 24°C (Al-Dobaee, 2016).
Materials and Methods
Water samples for chemical analyses were collected during the year 2015 from 17 drilled wells in Dhamar city. The samples were collected after pumping for 10 minutes. Clean and dry polyethylene bottles were used for samples collection. Bottles were properly tagged and stored in the refrigerator until analysis. Immediately after sampling, temperature and total dissects solution was measured in situ, water acidity expressed as pH was measured by pH meter (LE422, Belgium), and electrical conductivity was measured using Conductivity Meter (model CEL/850, HACH, USA (Rice et al., 2012) . Laboratory facilities were provided by the Renewable Natural Resources Research Centre (RNRRC), Dhamar, Yemen.
Statistical Analysis
Statistical analysis was carried out using SPSS. The systematic calculation of Pearson's correlation coefficient (r) between water quality variables and regression analysis provides indirect means for rapid monitoring of water quality (Heydari et al., 2013) . In order to calculate the correlation coefficients, the correlation matrix was constructed by calculating the coefficients of different pairs of parameters and correlation for significance was further tested by applying p-value. The variations are significant if p<0.05, p<0.01, and nonsignificant if p>0.05. The significance is considered at the level of 0.01 and 0.05 (2-tailed analysis) (Goon et al., 1968) . Principal Component Analysis (PCA) is a technique for variable reduction, which helps in avoiding the consequences of non-homogeneity in sampling data, missing value and periodic trends in data. PCA also identifies temporal variation in water quality and extracts the most important parameter in the polluted site (Razmkhah et al., 2010) .
Results and Discussion
The mean results of analysis of groundwater samples collected from 17 drilled wells located in the target area of Dhamar city are summarized in Table 1 and Table 2 . The closeness between the mean and median indicates the normal distribution of the obtained experimental values among the studied drilled wells. In Table 3 , these values are compared with Yemen's standards and previous studies conducted on different areas in Yemen, and one area in Pakistan. The comparison confirms the unique physio-chemical properties of groundwater of Dhamar city, which is known of its healthy water. Also, the table reveals that groundwater in Dhamar city has almost similar physio-chemical properties to groundwater in Sana'a basin and far different physio-chemical properties with groundwater in other compared areas. This observation could be attributed to the fact that Sana'a basin is located about only 50 km north of Dhamar governorate where the current study was conducted. The water temperature is an important quality, as many of the physical, biological and chemical functions of aquatic organisms are directly affected by temperature (Fondriest Environmental Inc., 2017) , and the amount of dissolved oxygen (DO) becomes lower as the water becomes warmer. High water temperature enhances the growth of microorganisms and may increase problems related to taste, odour, colour and corrosion. In addition, pollutants can become more toxic at higher temperatures, which could be attributed to the increase of their water solubilities (Fondriest Environmental Inc, 2017; Patra et al., 2015) . On the other hand, several bacterial pathogens survived well for 22 weeks in cold groundwater or unchlorinated tap water (Schulze, 1986) . Water temperature of the tested 17 wells was in the range of 23 °C to 31°C with a mean value of 25.00 °C, Figure 2 . The correlation between water temperature and other parameters presented in Table 4 shows a weak positive relationship with Na + (0.155), and negative relationships with the rest of the parameters.
However, there is no health related guideline value has been internationally set for the optimal temperature for dinking and irrigation water. Figure 2. Variation of temperature degrees among the studied drilled wells of Dhamar city. dh1 dh2 dh3 dh4 dh5 dh6 dh7 dh8 dh9 dh10 dh11 dh12 dh13 dh14 dh15 dh16 dh17
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The potential of hydrogen (pH) was also measured. Change of water pH greatly influences biological activities of most of the aquatic organisms (Sasamura and Manglallan, 2017) . Acidic waters can cause toxic heavy metals to be released into the water. Although extreme pH values (<4 and >11) may adversely affect health, there are insufficient data to set a health guideline value, and the value range of pH 6.5 to pH 8.5 has been set for aesthetic reasons.
The pH values obtained for our samples showed significant differences among the studied wells and ranged from pH 7.0 to pH 7.8 with a median value of pH 7.5 indicating alkaline nature of groundwater in the studied area, Figure 3 . Acidity expressed as pH value has positive correlations with most of the measured parameters
Figure 3. Variation of potential of hydrogen (pH) values among the studies drilled wells in Dhamar city
The electrical conductivity (EC) is related to the concentrations of ions capable of carrying the electrical current. Therefore, EC represents an estimation of the TDS, and no particular concentration has been set as an optimal value and usually EC values up to 800 µS/cm are acceptable in drinking water. EC levels in the tested drilled wells were found in the range of 329-750 µS/cm with a median value of 387 µS/cm. Distribution of the values of EC in groundwater of the entire study area is shown in Figure 4 . dh1 dh2 dh3 dh4 dh5 dh6 dh7 dh8 dh9 dh10 dh11 dh12 dh13 dh14 dh15 dh16 dh17
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Names of samples Variations in the concentrations of these inorganic constituents among the tested drilled wells and this variation is represented in Figure 5 . The concentrations of Na + in groundwater are dependent on several factors such as local geological conditions and the level of contamination in wastewater. In addition, other sources such as mineral deposits and sewage effluents can contribute significantly to the level of sodium ions in groundwater. There is no health-related guideline value for sodium in groundwater. However, Na + concentrations above 135 mg/L will affect water taste. Chloride (Cl¯) occurs naturally in waters from minerals and salt. Although, no health related guideline value has been set for chloride, a concentration exceeding 250 mg/L is not recommended for aesthetic reasons (taste). The concentration of Cl¯ was found in the range of 6.03 to 54.25 mg/L with a median value of 19.15. The variation in the levels of Cl¯ in the tested water wells could be attributed to the type of rock the ground water moves through and how long the ground water is in contact with these rocks. It is expected that higher Cl¯ content may be found in deeper wells (this correlation was practically investigated by the current study). 
Concentrations of sodium (Na
Sodium Absorption Ratio (SAR):
The SAR is a parameter relevant to irrigation use and is a measure of the ratio of Na + to Ca 2+ and Mg 2+ . When the ratio of sodium to calcium and magnesium is high, water is regarded unsuitable for low salt-tolerant crops. Elevated SAR has an adverse effect on soil structure and permeability, which can reduce crop yields and growth rates. SAR is calculated using the following relation:
√ SAR values calculated for the investigated drilled wells using the mean values are represented in Table 5 . There is no Yemeni guideline value for SAR. However, studies showed that SAR values less than 3 mean that there is no sodium problem and the water is regarded as of good quality, suitable for a wide range of crops. SAR values from 3 to 6 indicate low Na concentration causing few problems to Na sensitive crops e.g. pecan nut, avocado, papaw, strawberry (Swistock, 2017) . It is clear that the groundwater sites analysed in this study have SAR values less than 3 (except for dh17) indicating that water causes no sodium problem to crops. PCA analyses performed on the entire set of measured physicochemical parameters showed differences among the sampling sites. Principal components represent axes PC1 and PC2 together represent 70.54% of the variation in the physicochemical parameters of all sampling sites and the data clearly show that the sampling sites are consistently different in their characteristics, irrespective of the month of sampling. The scree plot (Table 6 & Figure 8a ) of the principal component analysis showed that the eigenvalues of the two first principal components represent up to PC1 54.23% and PC2 16.31% of the observations. However, to, correctly, interpret this graph, the factor loadings for each variable on the unroasted components must be taken into account, as shown in (Table 7 & Figure 8b ). The twelve parameters shown in Table 7 
Conclusion
Based on the criteria specified in the Yemeni Guideline for drinking water quality, groundwater of all wells analysed in this study is considered suitable for drinking, irrigation purposes and domestic uses. However, the low concentrations of hardness indicates that drinking of such waters may result in low consumption of calcium and magnesium which requires further investigations of any consequences for health. It could be concluded that all the parameters investigated in this study are more or less correlated with each other. PCA statistical method could define spatial variations, explaining 70 % of total variances with two latent factors.
Values of the correlation study and correlation coefficient can help in selecting a few parameters, which could be measured to determine the status of water quality regularly. a b
